The Greenland Ice Core Chronology 2005 (GICC05) and the radiocarbon 12 calibration curve (IntCal) are the foremost time scales used in paleoclimatic and 13 paleoenvironmental studies on the most recent 10,000 years. Due to varying and often 14 insufficient dating resolution, opportunities to test the synchrony of these two influential 15 chronologies are rare. Here we present evidence for a phase of major pine recruitment on 16
INTRODUCTION 28
Proxy records are a means by which we understand past climate variability and 29 validate models used to project future scenarios of climate change (Bradley, 2008) . 30
Multi-proxy approaches are becoming increasingly important as they offer unrivaled 31 insights into the spatiotemporal evolution of past climatic changes (Li et al., 2010) . 32
However, the temporal synchronization of records is crucial in such exercises and one of 33 the main obstacles in proxy alignment is chronological imprecision (Blaauw, 2012) . 34
Wide date ranges can lead to the "sucking in" (sensu Baillie, 1991) of unrelated evidence 35 and subsequently cause wrongful attribution of shifts in a proxy record to the event of 36 interest. Radiocarbon is one of the most commonly used dating methods and also 37 provides an indirect record of past solar variability, one of the forcing mechanisms that 38 climate science tries to factor in. The Greenland ice cores are arguably the foremost 39 records of climate change over the past 100 k yr and are regularly used in comparisons 40 with other paleoenvironmental and paleoclimatic proxies (e.g., Tinner and Lotter 2001) . 41
The commonly accepted chronology for these records is the Greenland Ice Core 42 Both GICC05 and the radiocarbon calibration curve (IntCal; Reimer et al., 2009) 45 contain varying amounts of uncertainty throughout their spans. Recently, a number of 46 studies have highlighted the likelihood of a temporal offset between the two chronologies 47 (Lohne et al., 2013; Muscheler et al., 2014; Baillie and McAneney, 2015) . These studies 48 focus on different time periods and use a variety of methodologies but the results have in 49 common that the GICC05 dates are significantly older than the radiocarbon ages for 50 supposedly contemporary periods. In order to assess fully the relationship between 51 GICC05 and IntCal, and to quantify any potential asynchrony, date comparisons from 52 throughout the records are needed but because the chronological uncertainties increase 53 with time, finding early Holocene information that will allow such analysis is rare. 54
Here we present data from three bogs in the north of Ireland that suggest an 55 unprecedented germination event of Scots pine (Pinus sylvestris L.) at ca. 8160 yr B.P. 56
We interpret the event as the result of climatically induced drying of the bog surfaces, 57 indicative of a hydroclimatic shift that is in agreement with model outputs of the 8.2 ka 58 event, as well as other proxy evidence. The absolute date for the extra-local germination 59 is compared to the GICC05 date of the 8.2 ka event and, in the context of previous 60 studies, we hypothesize on the synchrony of GICC05 and IntCal. 61
METHODS AND MATERIALS 62
Previous research stemming from a decade-long campaign of sampling Northern 63
Ireland bogs for subfossil pines culminated in the development of several local tree-ring 64 chronologies (Pilcher et al., 1995) . Pine was present in the area by at least 9000 cal. yr 65 B.P., but the vast majority of collected trees fell into one of two later periods. For the 66 earlier period, an 809 yr floating chronology was also constructed using samples (n = 33) Publisher: GSA Journal: GEOL: We investigate the temporal relationship between the inner ring dates of trees (an 71 estimate of germination dates) from Sluggan and Fallahogy bogs, in addition to 72 previously unpublished samples from Ballinderry (Fig. 1 ). All three are raised bogs, and 73 previous research at Sluggan and Fallahogy has shown that the earliest subfossil pines 74 grew within ombrotrophic peat (Smith, 1958; Smith and Goddard, 1991) , thus at levels 75 independent of the ground water table. Pith was present in nearly all cross sections 76 (>95%) from Sluggan Bog and Ballinderry, and the effect of potential pith offset 77 (imprecision when estimating rings to pith when pith is missing) is therefore deemed to 78 be insignificant for the purposes of this study. Materials were collected from the lowest 79 available point on the stem, and rapid growth rates (>2mm/yr) during juvenile stages 80 suggest that the inner rings are close to representing true establishment. Samples were 81 processed and cross-dated according to standard dendrochronological procedures (Baillie, 82 1982 ) and site chronologies, representing the average annual growth at the site, were 83 constructed using ARSTAN (a tree-ring standardization program; Cook, 1985) . 84
Accelerator mass spectrometry radiocarbon dating was performed on sequences of 10 85 annual growth rings from the Ballinderry chronologies, complementing high-precision 86 radiocarbon dates previously obtained from 20-yr-long samples from the Sluggan Bog 87 chronology. In total, six radiocarbon dates were used in the analysis. 88
RESULTS 89
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Four trees from Ballinderry construct a 374-yr-long chronology that shows highly 90 significant correlation (t = 8.40, P < 0.0001, 374 yr overlap) with the record from 91 Sluggan Bog, which is corroborated by radiocarbon dates from the series that fall around 92 8000 cal. yr B.P. (Table DR1 in The earliest individual among the cohort of establishing trees has an inner-ring 158 date of 8161 yr B.P. Although the survival of pine seedlings partly depends on their 159 current year's weather (Gunnarsson and Rydin, 1998) , the peak of favorable conditions 160 and successful pine establishment are not always simultaneous due to internal bog 161 mechanisms (Kilian et al., 1995) . It has been estimated that the lag between optimal 162 climate conditions and recruitment in the northern boreal zone may be up to 20-30 yr 163 (Zackrisson et al., 1995) , although the response can be much more rapid (Ågren and 164 Zackrisson, 1990 ). In the British Isles, the climate effect on bog water level is limited to 165 sub-decadal timescales (Charman, 2007) . It is therefore unlikely that the maximum 166 potential lag between a decrease in precipitation and the earliest pine establishment Greenland Ice Core Project (GRIP) ice core with the absolutely dated Δ 14 C record from 175 tree-rings. Their dating puts the start of the climate anomaly in the Greenland Ice Sheet 176 Project 2 (GISP2) ice core at 8175 ± 30 yr B.P. (Kobashi et al., 2007) . We propose, 177 therefore, that the GICC05 chronology is overly old at this time by multiple decades. 178
Additionally, the severe growth depression recorded by all three site chronologies at 179 8020-8000 yr B.P. (Fig. 3) 
could be concurrent with a secondary drop in 18 O values in 180
Publisher: GSA Journal: GEOL: Geology DOI:10.1130/G36914.1 Page 9 of 19 GICC05, if GICC05 is shifted forward the several decades proposed by the discrepancy 181 in start dates for the event. Although the relationship between temperature and tree-182 growth in this region is complicated, P. sylvestris in wetland areas tends to prefer warmer 183 conditions (e.g., Linderholm et al., 2002; Edvardsson et al., 2012) and the prolonged cold 184 spell would likely have had an adverse effect on ring-widths at our sites. When reviewing 185 proxy records from across the globe, Morrill and Jacobsen (2005) found the greatest 186 concentration of climate anomalies dated within the window 8100-8150 cal. yr B.P., 187 which lends further support for an offset between ice cores and radiocarbon-dated proxies 188 at the time. 189
The dating discrepancy indicated by our results falls in the most problematic part 190 of the Holocene GICC05, during which the ice-core chronology has a maximum counting 191 error of 2% (Rasmussen et al., 2006) . It is also the period during which differences 192 between the IntCal 14 C and ice-core 10 Be values are the greatest, and where no 193 synchronization can be reached without shifting GICC05 in the direction suggested by 194 our interpretation (Muscheler et al., 2014) . Records of radionuclide variations (Kobashi et 195 al., 2007; Muscheler et al., 2014) the results indicate that the widely accepted chronology for Greenland ice cores may 216 contain uncertainty that falls outside the current estimated counting error. If the suggested 217 offset in dates is real it has undoubtedly had a significant impact on previous 218
interpretations of past large-scale climate dynamics and may render some conclusions 219 invalid. We believe that the data currently available warrant a frank discussion on the 220 synchrony of the main Holocene timescales and we urge the paleoclimate community to 221 address this issue. Furthermore, there is a need for additional date comparisons to be 222 undertaken in order to quantify fully the agreement of chronologies during other parts of 223 the Holocene. 224
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